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Abstract. The chemical processes during the Asymptotic Giant Branch (AGB) evolution
of intermediate mass single stars predict most of the observations of the different popula-
tions in Globular Clusters although some important issues still need to be further clarified.
In particular, to reproduce the observed anticorrelations of Na-O and Al-Mg, chemically
enriched gas lost during the AGB phase of intermediate mass single stars must be mixed
with matter with a pristine chemical composition. The source of this matter is still a matter
of debate. Furthermore, observations reveal that a significant fraction of the intermediate
mass and massive stars are born as components of close binaries. We will investigate the
effects of binaries on the chemical evolution of Globular Clusters and on the origin of mat-
ter with a pristine chemical composition that is needed for the single star AGB scenario
to work. We use a population synthesis code that accounts for binary physics in order to
estimate the amount and the composition of the matter returned to the interstellar medium
of a population of binaries. We demonstrate that the mass lost by a significant population of
intermediate mass close binaries in combination with the single star AGB pollution scenario
may help to explain the chemical properties of the different populations of stars in Globular
Clusters.
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1. Introduction
Several Globular Cluster (GC) self-enrichment
scenarios have recently been proposed, such
as the AGB-scenario (D’Ercole et al. 2010),
the winds of fast rotating massive stars sce-
nario (Decressin et al. 2007) and the massive
close binary scenario (de Mink et al. 2009).
The main challenge in all these is that the en-
riched material liberated by the first generation
of stars needs to be mixed with pristine matter,
also present in the vicinity, before the forma-
tion of a second generation. The latter then also
needs to be sufficiently large, i.e. as least as nu-
merous as the fraction of the first generation
that is still observed today. In Vanbeveren et
al. (2012) it was shown that intermediate mass
close binaries (IMCBs) can help to achieve
this. The present paper is a summary of the lat-
ter work.
2. IMCB evolution
IMCBs are those with an initial primary (the
initially most massive star) mass between 3 and
10 M⊙, and an initial orbital period between 1
day and 10 years, the latter being the maximum
for most binaries to be interacting. There are
nowadays many indications that the binary star
frequency fb is very high (close to 100%) in
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normal field stars in this mass range. This is not
only observed directly, but also inferred indi-
rectly, e.g. by the fact that in theoretical type Ia
supernova (SN Ia) studies such as Mennekens
et al. (2010), a very high fb needs to be as-
sumed in order to match the observed rate of
such events. The currently observed fb in (old)
GCs, however, seems to be much lower. There
are two reasons though why the IMCB fre-
quency in young GCs may have been much
higher. Firstly, the IMCB frequency may well
be higher than the low mass close binary fre-
quency, with the latter relevant for the GCs cur-
rently seen. Secondly, many of the low mass
single stars seen in old GCs today may have in
fact originally been part of a binary, that has
however been destroyed through the Gyrs as a
result of dynamical interactions.
Whenever the primary in an IMCB fills its
Roche lobe, this will initiate a mass transfer
(MT) event. Depending on when this happens,
its nature will be different. We distinguish be-
tween case A (during core H burning), case B
(during shell H burning) and case C (after core
He burning). Case A or early case B (named
Br, i.e. at a time when the donor’s outer layers
are still radiative) will result in the expansion
of the star being slowed and give rise to a stable
stream of matter from donor to gainer, termed
Roche lobe overflow (RLOF). For larger or-
bital periods however, the donor’s outer lay-
ers are already deeply convective by the time
MT (case Bc or C) starts, and thus mass loss
will lead to this star expanding even further. It
will eventually engulf the other star, resulting
in two stellar cores rotating within one com-
mon envelope (CE). Some time after this first
MT event, when the primary has already be-
come a white dwarf (WD), also the secondary
will fill its Roche lobe, initiating a MT event
in the opposite direction. Here, also case A, B
and C can be distinguished. However, because
the gainer is now a WD with a small surface
area and the mass ratio in such systems is of-
ten very large, it is assumed that this MT will
always become unstable and thus result in a CE
phase. The only exception are SN Ia progeni-
tors, which are not considered in this study as
they do not produce slow winds. During every
RLOF or CE phase, the system has a chance of
merging if too much angular momentum (AM)
is lost. Otherwise, eventually a double WD is
obtained, which may still result in a SN Ia but
not in a source of slow winds. We will investi-
gate the amount and composition of mass that
is lost naturally in a slow way through these
RLOF and CE processes.
For this, a population number synthesis
(PNS) code including the results of detailed
binary evolution is used. This code is exten-
sively described in De Donder & Vanbeveren
(2004). Both the RLOF and CE process are
in PNS codes subject to a number of param-
eterizations. Not only the function and val-
ues of these parameters will be discussed, but
later also their influence on the results of this
study. In the case of stable RLOF, a first pa-
rameter is the MT efficiency β, the fraction of
matter lost by the donor that is actually ac-
creted by the gainer. If β < 1, mass is lost
into the interstellar medium (ISM) and an as-
sumption needs to be made about how much
AM this mass carries away from the system.
This is done by a parameter η, proportional
to the AM loss caused by a fixed amount of
mass loss. Most PNS codes assume that mass is
lost with the specific orbital AM of the gainer,
but this is only true in the case of a process
that removes mass symmetrically with respect
to the equatorial plane of this star. As there is
limited observational evidence for significant
mass loss in such a way in intermediate mass,
non-degenerate stars, our standard assumption
is that mass is lost into a circumbinary disk
after passing through the second Lagrangian
point. It thus removes a much larger specific
orbital AM, which will lead to more systems
merging. When an unstable CE phase is en-
countered, the rotational energy of the two ro-
tating stellar cores needs to be converted into
kinetic energy used to expel the envelope in
time, before the system merges. In the formal-
ism by Webbink (1984), this conversion effi-
ciency is proportional to the parameter α, with
larger values thus reducing the chance of merg-
ing.
It is obvious from the non-conservative ex-
ample in Fig. 1 that the initial orbital period
critically determines the types of MT phases,
and thus the amount of lost mass. To illustrate,
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Fig. 1. Different types of MT en-
countered as a function of initial or-
bital period for a 6.0+5.4 M⊙ binary
and a non-conservative assumption
(β = 0.5). The first line at the top
indicates the nature of the first MT
phase, the second line (if any) that
of the second MT phase. Those in
gray italics merge during the partic-
ular MT episode. In the plot itself,
black lines show the amount of mass
loss during the first MT phase, gray
lines during the second. This is done
for the total mass loss (solid), He
mass loss (dashed) and TP-AGB en-
riched mass loss (dotted).
for the range involving a stable first MT phase
(log P < 1.9), some mass is lost during this first
phase, and some during the second. If the con-
servative assumption were used instead, obvi-
ously no mass would be lost during the first
MT phase, but also not during the second, as
the gainer would then become sufficiently mas-
sive to explode as a SN II. With a slightly lower
mass companion (3.6 M⊙) and thus mass ratio,
the total amount of mass loss is similar in the
conservative and non-conservative assumption.
While in the latter case it is divided between
the first and second MT phase, in the former
it is concentrated during the second MT phase,
as the secondary becomes much more massive
there.
3. Results
Figure 2 shows that mass loss caused by RLOF
and CE processes terminates within 1 Gyr,
confirming the previous assertion that this is
before dynamical interactions have the chance
to destroy many binaries. It is obvious that
the two MT phases show two peaks which are
population-wise still distinct in time. The gen-
eral shape of the distribution is not affected
when the CE-efficiency parameter α is set to
0.1 instead of 1.0, a value that according to
recent observations is more realistic. If one
considers the extremely non-conservative case
where the gainer does not accrete any material
(β = 0), then the mass loss is obviously con-
centrated at the time of the first peak, and the
second peak disappears.
Table 1 shows the obtained results applied
to the context relevant for GCs, for four dif-
ferent sets of parameters: the conservative as-
sumption, the same but with low CE-efficiency,
the non-conservative assumption, and again the
same but with the specific gainer orbital AM
loss, resulting in an (on average) much smaller
value of the AM loss parameter η. The table
shows the fraction ∆M of the initial mass con-
tained in IMCBs that is returned to the ISM in
a slow way through RLOF and CE processes.
This fraction is between 20 and 50%. A signif-
icant part ∆Mpris of this mass is still pristine,
i.e. has not been affected by any nuclear reac-
tion in these stars. A second fraction ∆Mpris+He
is enriched only in He, while a third frac-
tion ∆MEAGB is also enriched by early AGB
processes. Only a minor fraction ∆MT PAGB of
about 10% has been enriched in TP-AGB el-
ements, i.e. those produced by Hot Bottom
Burning. The He abundance after the first gen-
eration is typically ∼ 0.3, having started from
Y = 0.24. Extrapolating, after a second gen-
eration Y ∼ 0.36 will be obtained, which is
in line with what is needed observationally. It
is important to note that of the matter that is
not ejected during RLOF and CE processes,
the majority will eventually still be returned
to the ISM. Only a minor fraction will remain
locked in forever as remnant masses and an
even smaller fraction will be ejected by SNe
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Fig. 2. Amounts of mass loss for an
entire population of IMCBs under
the conservative assumption (β =
1), as a function of time after star-
burst. The figure shows the total
mass loss (solid), He mass loss
(dashed) and TP-AGB affected mass
loss (dotted), again separated for
first (black) and second (gray) MT
phase.
Name β η α ∆M ∆Mpris
∆M
∆Mpris+He
∆M
∆MEAGB
∆M
∆MT PAGB
∆M Y Mergers
conservative 1.0 2.3 1.0 40% 23% 22% 47% 8% 0.30 76%
low CE-efficiency 1.0 2.3 0.1 20% 14% 11% 62% 14% 0.31 83%
non-conservative 0.5 2.3 1.0 34% 43% 7% 40% 9% 0.28 86%
low AM-loss 0.5 0.038* 1.0 53% 35% 18% 41% 6% 0.29 70%
Table 1. Results obtained with the PNS code for a population of 100% IMCBs. See text for
definition of symbols. Asterisk denotes weighted average.
(and thus not taken into account here). The rea-
son is that the absolute majority of IMCBs will
at some point in their evolution merge (as is
also indicated in the table). From this point on,
no more RLOF or CE can occur, but matter can
still be ejected in normal single star processes
(although not with standard single star abun-
dances). Some of these mergers consist of a
WD merging with a non-degenerate star, which
may lead to very interesting events.
4. Conclusions
Intermediate mass close binaries can eject from
20 up to 50% of their own initial mass in a slow
way through naturally occurring Roche lobe
overflow and common envelope processes. A
large part (20-40%) of this mass is still pristine,
a second part is enriched only in He and CNO-
elements, while only a third fraction of about
10% shows the TP-AGB enrichment typical
for the second generation of stars in Globular
Clusters. This way, intermediate mass close bi-
naries are not only able to provide a source for
the He and TP-AGB enriched material, but also
for the pristine matter with which this enriched
material needs to be mixed before the forma-
tion of a second generation of stars.
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